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Summary
Global Navigation Satellite Systems (GNSS) consist of satellite technologies such as GPS, GLONASS, BeiDou and 
Galileo. These technologies have effectively been used in many application areas. GNSS Continuously Operating 
Reference Stations (CORS) have also been applied successfully in many areas of forested industry. Typical appli-
cations include fire prevention and control, harvesting operations, insect infestation, boundary determination, 
and aerial spraying. Forest and natural resource applications can be achieved efficiently employing GNSS/CORS 
data collection technologies. However, there are limiting factors in the environment, such as the forest canopy, 
which has adverse effects on the reception of GNSS signals. In terms of saving time, Point Positioning with GNSS/
CORS in forested areas is a significant challenge in the acquisition of highly accurate coordinates of points. The 
time for integer carrier-phase ambiguity solution takes approximately one-hour or more for point positioning 
under forested areas with GNSS/CORS. In this study, an alternative method for providing point coordinates un-
der a forested area is proposed. This method gives the positioning results with centimeter level accuracy and nearly 
15 minutes are required to provide the new point location in the forested area. The method proposed may also be 
of practical use in indoor applications with desired accuracy at cm level, which is reached in a short observation 
time. In this study, we conducted fieldwork to achieve coordinates of the point in a forested area with GNSS/CORS 
system and supplementary measurements by establishing two control points observed by GNSS/CORS located at 
the border of the forested area. The result shows that a satisfactory solution for forested area is reached at cm level 
(≈ ± 6 cm) in a short observation time.
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AN ALTERNATIvE METHOd FOR POINT 
POSITIONING IN THE FORESTEd AREAS
ALTERNATIVNA METODA ZA APSOLUTNO ODREĐIVANJE 
POLOŽAJA TOČKE U ŠUMSKOM PODRUČJU
Atinc PIRtI, Nursu tUNALIOGLU, taylan OCALAN, R.Gursel HOSBAS
1. INTROdUCTION ANd RESEARCH  
PROBLEMS
UVOD I PROBLEMI ISTRAŽIVANJA
The forestry industry with its wide range of application 
areas and services has widely applied satellite-based tech-
nology and has benefited from GNSS. The key elements in 
the forest industry include various services and typical 
applications, such as the protection and efficient utilization 
of forests, forest road planning, supervision of the develo-
pment of forest lands, detection of shanty settlements, de-
predation and destruction of forests, protection against or 
putting out of fires, making inventories, planning forests, 
harvesting operations, insect infestation, boundary deter-
mination, and aerial spraying. Among them, forest fires 
have a destructive effect on ecological life of the nations and 
cause irreparable damage. Accordingly, they should be mo-
nitored with an efficient system and protection planning 
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nologije.
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lovstva i drvne tehnologije,
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•  provodi stručne ispite za ovlaštene inženjere,
•  drugi poslovi koji su utvrđeni kao javne ovlasti.
Akti koje Komora izdaje u obavljanju javnih ovlasti, javne su isprave.
Ostali poslovi koje obavlja Komora:
•  promiče razvoj struke i skrbi o stručnom usavršavanju članova,
•  potiče donošenje propisa kojima se utvrđuju javne ovlasti Komore u skladu s kriterijima europske i svjetske prakse,
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•  Razred inženjera šumarstva,
•  Razred inženjera drvne tehnologije.
Članovi Komore imaju odgovornosti u obavljanju stručnih poslova sukladno zakonskim i podzakonskim aktima te 
Kodeksu strukovne etike.
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satellite visibility results in an increase in the DOP value 
and causes inaccurate position computation. Thus, the du-
ration of observation should be prolonged in order to get 
more satellite signals and avoid worse satellite geometry. In 
certain conditions during a survey, the DOP does not allow 
a constant solution in the same day. Moreover, signal atte-
nuation and multipath effect may also induce degradation 
of accuracy (Wolf, 2002; Parkinson, 1996; El-Rabbany, 2006; 
Pirti, 2005; Pirti, 2008; Pirti, 2010; Pirti, 2013; Bakula, 2013; 
Brach, 2014).
2. METHOdS USEd IN SURvEYING
MEtODE KORIŠtENE U SNIMANJU
2.1 Traditional Technique: Point Positioning with 
Total Station – Pozicioniranje točaka pomoću totalne 
stanice
Total stations (TS) are electro-optic surveying systems, 
which have been used for many years in geodetic precise 
positioning applications. Generally, TSs have been develo-
ped to survey short ranges (approx. 2-3 km). In geodetic 
metrology, there have been several total stations with diffe-
rent features for determination of precise coordinates in 
terms of applications based on surveying distances and an-
gles. Some of this equipment, whose distance and angle 
surveying accuracies are different to each other, have the 
ability of operating without reflectors.
Although they allow surveying either in open-air areas or 
in urban, forested and indoor areas, these systems have 
some disadvantages. For instance, the requirement of direct 
line of sight, survey at daylight, bad weather conditions may 
be listed. In any case, total stations, which are currently still 
effectively used to determine precise point positioning for 
several engineering applications, are also often used for pre-
cise terrestrial surveying applications under forested areas 
(Pirti, 2005), (Wolf, 2002).
2.2 GPS/GNSS Technique – gps/gnss tehnologija
Global Positioning System (GPS), originally developed by 
the USA, is a system of positioning, navigation and timing, 
which has been commonly used by several disciplines for 
different applications over the last three decades. Today, 
GNSS consists of satellite technologies: GPS (USA), GLO-
NASS (Russia), BeiDou (Chinia) and Galileo (EU) are used 
as a common abbreviation of space and satellite based po-
sitioning. In fact, these systems which enable a new manner 
to positioning and which are related to survey and naviga-
tion applications, have become effectively used for many 
services such as land management, environmental and ur-
ban planning, land use and agricultural policy, monitoring 
the global climate change, engineering and infrastructure 
services, evaluation and protection of forests and natural 
strategies should be prepared beforehand. At this point, 
GNSS brings a key technology tool that helps the system 
operator to identify and monitor the exact location of the 
resource. Moreover, an integrated system, combined with 
a geographic information system (GIS) and GNSS, enables 
decision makers of the authorities to make appropriate de-
cisions. Developments in the surveying technology provide 
the determination of information before harvesting opera-
tions are completed, unlike past years in which aerial pho-
tography was the only source of extracting the shape and 
location of wide blocks. The past technology was not so 
accurate. Today, GNSS makes it possible to acquire accurate 
information in real time. The required accuracy can be ea-
sily met with the use of the GNSS technology, which also 
makes it possible to determine the accurate locations where 
needed (Hoffmann-Wellenhof et al., 2008; El-Rabbany, 
2006; Wolf, 2002; Pirti, 2005; Pirti, 2008; Pirti, 2010; Pirti, 
2013; Bakula, 2013; Brach, 2014).
To provide sustainable management for forest life protec-
tion, an accurate forest boundary determination is of out-
standing importance. In this concept, real time GNSS pre-
sents a good alternative which reduces the survey cost and 
duration by up to 75 percent of a project schedule and bud-
get. However, there are some restrictions when surveying 
with GNSS, which are caused by the forest canopy. The he-
terogeneous pattern of the forest canopy, which differs from 
place to place, limits, disturbs or totally blocks the survey 
quality. For example, under heavy forested areas, GNSS re-
ceivers lose connection with GNSS satellites. Thus, the qu-
ality of GNSS survey under the forested area is determined 
by the type of forest canopy, which is directly related to a 
complete or partial signal blockage received from the sa-
tellites, where a significant role is placed by the leaves. The 
species and density of canopy leaves are in strong correla-
tion between the signal quality and accuracy. As the canopy 
density increases, the received signal decreases. The same 
effect on signals occurs in terms of water percentage of ca-
nopy type or moisture. Species with higher water content 
have bigger obstruction reception. The pattern of the ca-
nopy behaves as a physical reflection surface for the signals. 
This reduces the number of visible satellite, which affects 
the accuracy of GNSS positions. The structure of the GNSS 
signal is line-of-sight, affected by solid objects around (Par-
kinson, 1996; El-Rabbany, 2006; Pirti, 2005; Pirti, 2008; 
Pirti, 2010; Pirti, 2013; Bakula, 2013; Brach, 2014). Howe-
ver, improvements on these obstructions can also provide 
users with a wide range of application facilities in forested 
areas, which helps making an agreement with authorities 
who avoid using GNSS under heavy forest canopy due to 
lack of accuracy. Moreover, Dilution of Precision (DOP) 
value is a significant indicator on the GNSS position accu-
racy. The Dilution of Precision indicates the accuracy that 
has a reverse effect between these two descriptions. Lower 
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resources, multipurpose cadastre, e-government and per-
sonal mobile applications (Ocalan and Tunalioglu, 2010; 
Ocalan et al. 2013).
GNSS works 24 hours a day, in any weather conditions, 
anywhere in the world, and provides precise positioning 
information where satellite visibility is available. Although 
there have been some surveying constrains originated from 
limited satellite visibility and signal interruptions, position 
information with different accuracy levels may be achieved 
in terms of GNSS survey methods used. In GNSS techno-
logy, traditionally relative and differential positioning met-
hods are used to achieve precise positions (Rizos, 2012; Al-
kan, 2013; Ocalan, 2015).
In all GNSS techniques based on relative and differential 
positioning principle, simultaneous observations made 
from one or more reference stations with known coordina-
tes are required. In other words, simultaneous observations 
should be made with at least two GNSS receivers: one sho-
uld occupy a reference station whose coordinates are 
known, and the other should be established at a point whose 
coordinates will be estimated. Several criteria, such as the 
preferred survey mode (static or kinematic), observation 
time, the equipment used, signals and codes, data proce-
ssing algorithms, infrastructure of the reference receiver/s, 
satellite-receiver geometry, post-processing evaluation or 
real time applications, provide different level accuracies for 
positioning (Hoffmann-Wellenhof et al., 2008; Rizos, 2012).
For instance, while in differential GNSS (DGNSS) tech-
nique, where single-frequency code (pseudorange) obser-
vations are used, decimetre level positioning accuracy can 
be achieved, in real time kinematic (RTK) techniques, 
where dual/multi-frequency carrier phase observations are 
used, centimetre level positioning accuracy can be derived. 
From this aspect, single-base RTK and Network-RTK te-
chniques have become indispensable for users in real time 
geodetic studies (Rizos, 2012).
This situation has enabled the establishment of so-called 
CORS networks by several governments, organizations and 
companies to support RTK users, and the development of 
different mathematical correction models of Network-RTK 
technique. In developed and developing countries, wide-
spread use of these networks provides significant contribu-
tions and advantages to all RTK users in terms of criteria 
such as time, cost and accuracy. Bringing a new concept to 
GNSS applications, CORS networks, which broadcast the 
correction data to all users in real time by data transmission 
and communication equipment, have been generally ope-
rated at national or local scale. Today, this technique which 
handles mathematical correction models such as VRS (Vir-
tual Reference Station), MAC (Master Auxiliary Concept) 
and FKP (Flächen-Korrektur-Parameter) and then estima-
tes high-accurate positioning information (centimetre-le-
vel), can provide solutions under the forested area as well 
(Ocalan and Tunalioglu, 2010; Rizos, 2012).
However, in some geodetic and geodynamic studies, defor-
mation analysis where millimetre level accuracy is needed 
the post-processing static GNSS relative survey method is 
still applied.
2.2.1 Virtual Reference Station (VRS) Model 
– Virtualna referentna stanica (VRS)
Using CORS for real time kinematic applications, one of 
the correction models, namely VRS technique, uses a com-
plex filter state model to determine virtual reference station 
dataset which is located near the rover (Hoffmann-Welle-
nhof et al., 2008; Wübbena, 2001; Wanninger, 2003). It has 
become a common procedure in which more than 95 % of 
the Network-RTK installations use this technique to tran-
smit the correction stream in standardized formats RTCM 
2.3, RTCM 3.0, RTCM3.1 or CMR/CMR+ from the server 
to the field user that is supported by all geodetic receiver 
manufacturers (Landau, 2003). Moreover, the VRS tech-
nique uses the latest model for all error sources that can 
continuously adjust the correction transition for each rover 
position (Cannon, 2001; Landau, 2002). In every second 
the correction values are updated, then connection to the 
system by a rover provides immediate product transmission 
after connection. After connection, bidirectional commu-
nication should be enhanced by the VRS method, which 
can be supported by GSM, GPRS and cell phone-based data 
transmission methods (Wanninger, 2002; Retscher, 2002). 
Nowadays, bidirectional communication is used worldwide 
by users with a ratio of more than 99 % in Network-RTK 
installations for accessing and user accounting.
3. MATERIALS ANd METHOdS
MAtERIJALI I MEtODE
3.1 Study Environment – Područje istraživanja
We established four temporary test stations to compute the 
coordinates of the point under the forested area, located at 
the Yildiz Technical University, Campus of Davutpaşa, Ista-
nbul, Turkey. The characteristic property of the area of in-
terest is that it is located at the border of the forested area 
and open sky. GNSS receiver observations made in forestry 
are affected by data distortion and signal losses and this ne-
gatively affects precision and accuracy measurements. To 
avoid this, RTK GNSS surveys have been conducted at the 
open area side of the border aimed at providing observati-
ons accurately to enhance the communications of the GNSS 
receiver with satellites from two points. In addition, terre-
strial surveys have been conducted simultaneously by using 
the other two points. The point whose coordinates are be-
ing calculated was established at the forested area side, and 
terrestrial surveys and static GNSS surveys were also con-
158 Šumarski list, 3–4, CXXXX (2016), 155–163
ducted. The study environment selected in the forested area 
is presented in Figure 1.
In this study, static GNSS observations were evaluated with 
post-processing computation based on ISKI-CORS 
network, which covers the study area. Real-time VRS 
correction data were also obtained from this network, 
where RTK surveys were implemented on the indicated po-
ints. As mentioned above, the local GNSS network, called 
ISKI-CORS Network, whose coverage area is İstanbul, was 
established by Istanbul Water and Sewerage Administration 
(ISKI) and involves 10 permanent stations. The ISKI-CORS 
network is an active GNSS network and transmits the 
correction data to all users completely real-time via the data 
links and communication systems. The system consists of 
Figure 1 Project Area and 
Study Environment
Slika 1. Projektno područje 
i po dru čje istraživanja
Figure 2 ISKI-CORS Net-
work Stations (Ocalan et 
al., 2013)
Slika 2. ISKI-CORS mrežne 
stanice
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a number of automated GNSS tracking stations, which con-
tinuously record carrier phase and pseudorange measure-
ments for all GNSS satellites in view. Figure 2 shows the 
coverage area of ISKI-CORS network, which contains the 
boundary of the province of İstanbul.
3.2 Model Construction – izgradnja modela
The objective of this study is to examine the applicability of 
GNSS and total station integration for determining the po-
sition of a point located under the forested area, according 
to short observation length and the required horizontal 
accuracies. Two observation stages were conducted simul-
taneously: (1) GNSS observations (2) terrestrial total station 
measurements. As has been stated above, the current study 
also aims to provide an economical and practical survey 
method to obtain accurate point positioning under the fo-
rested areas for forestry applications.
Four points in all were established around the forested area, 
namely N1, N2, N3 and N4 (Fig.3). Simultaneous observati-
ons were achieved from the field site to shorten the obser-
vation time, and then, within 15 minutes the GNSS and to-
tal station surveys were completed. To compute the 
coordinates of K, located under the forested area, coordi-
nates of N1 and N2 were determined by CORS RTK GNSS 
surveys. Coordinates of N3 and N4 were determined using 
terrestrial measurements from two triangles (Triangle I & 
III, see Fig. 4). To control the coordinates of K, static GNSS 
survey was performed during 3-hour observation time.
As is well known and currently used, resection is a method 
for determining an unknown position measuring angles 
with respect to known positions. The method involves ta-
king azimuth or bearing angles to two or more objects, then 
drawing lines of position along those recorded bearings or 
azimuths. Since the intersection method uses angular in-
Table 1 Formulas for solving Triangle I & III
tablica 1. Formula za trokut I & III
Coordinates of N3:
Koordinate N3
































Figure 3 Survey Scheme
Slika 3. Shema snimanja
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tersecting directions regarding to traditional methodology, 
distances are also measured in this study to enhance con-
trol on measurements. This also increases the reliability of 
the observations and enhancement of the accuracy for po-
int positing to be determined.
Figure 4 also illustrates the measurement sketch. Although 
one triangle is enough to solve the point coordinates, na-
mely K, located under the forested area (forest condition), 
the model is built for solving the problem using two trian-
gles, not only to control the measurements surveyed at field 
site but also to control the coordinates of the points, namely 
N3, N4 and K, whose directions or distances are measured. 
The above-mentioned angular variables seen in Figure 3 
were calculated for each triangle using the following expre-
ssions (Eq.1 and Eq.2). The formulas below formulas were 



























arctant   (2)
Eq.1 is the cosine rule for finding bearing angles and Eq.2 
is the formula of finding the azimuth, which is defined as a 
horizontal angle measured clockwise from the north base 
line. Here, a is one of the interior angles of Triangle-1. S1, 
S2 and S3 indicate measured horizontal distances of the Tri-
angle-1. t is the azimuth angle. DY and DX are departure 
and latitude values, which are Y and X components of a line 
in a rectangular grid system, respectively.
Table 1 shows the coordinates calculation procedure of po-
int K. The formulation has been given for triangle I and III.
3.3 Model validation – Valjanost modela
In this study, the precision of GNSS positioning was calcu-
lated using the following equation:
 
22
YXPD ∆+∆=  (3)
Where PD  indicates the precision of GNSS positioning; X∆  
and Y∆  indicate the differences of positional errors along 
the x and y axes, respectively.
4. RESEARCH RESULTS 
REZULTATI ISTRAŽIVANJA
4.1 Surveys at Field Site – Terensko snimanje
To supply the available condition in this computation stra-
tegy, visibility between points N3 – K, and N4 – K should be 
provided. The terrestrial surveys conducted with total station 
presented in Table 2 were performed to obtain the horizon-
tal directions, vertical directions and horizontal lengths.
GNSS surveys were conducted at N1 and N2 simultaneously. 
Stations N1 and N2 illustrated in Fig.4 were surveyed by RTK 
GNSS method by using İSKİ-CORS network (Fig.2), and 
corrections were made via VRS mode, then the coordinates 
of these points were determined. The Position dilution of pre-
cision (PDOP) values for N1 and N2 are 2.089 and 1.615, the 
horizontal RMS (root mean square) and vertical RMS values 
are 7 mm and 14 mm, and 9 mm and 18 mm, respectively. 
The visible satellite numbers for N1 and N2 are of total 12 with 
5 GPS+7 GLONASS, of total 14 with 6 GPS + 8 GLONASS, 
respectively. The elevation mask is 10 degree, and record in-
terval is 10 seconds. The provided coordinates depending on 
these survey situations are computed as shown in Table 3.
A 3 hour-static GNSS survey at point K (under the forested 
area, see Fig. 6) was computed by using ISKI-CORS reference 
stations PALA and KCEK (approx. 10 km far away from the 
Figure 4 Computation Scheme
Slika 4. Shema izračuna
Table 2 total Station (tS) surveys

















N3 K 0.0000 96.3286 33.246
N1 52.7032 103.9488 20.034
N4 K 0.0000 101.4936 42.453
N2 46.6188 105.4066 22.919
K N1 0.0000 104.5318 24.608
N2 71.2160 99.7884 29.672
Table 3 Coordinates of N1 and N2 by using ISKI-CORS VRS Technique
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project area) with commercial post-processing GNSS sof-
tware, Topcon Tools v8.2. The location of the area of interest 
into the ISKI-CORS Network can be seen in Figure 5.
4.2 Results and discussion – Rezultati i rasprava
Equations (1) and (2) were used to calculate the interior 
angles of generated triangles and the azimuth of related line 
(N1N2). All the others were computed in the same way. The 
results are listed in Table 4 and Table 5.
The closure vector of differences between the static and 
combined total station and real time kinematic GNSS 
(CORS/VRS) surveys (see Table 6) results calculated by 
Eq.3, indicated as PD , was obtained as ± 0.065 m. Pirti 
(2008) states that Naesset et al. (2000) demonstrate that 
accuracy can be achieved for static measurement under the 
forest canopy only within ±(1-9) cm.
Since the ambiguity was solved in CORS survey, due to 
lack of validity, errors occurred in the CORS/VRS method. 
Figure 5 Project area and ISKI-CORS 
Network
Slika 5. Projektno područje i mreža 
ISKI-CORS
Table 4 Angle computations




52 .7032g=a 73 .8101g=y 46 .6188g=b
106 .3627g=z 54 .9739g=f 118 .8347g=l
Figure 6 (a) GNSS survey at Point K (b) Sky visibility from Point K
Slika 6. (a) GNSS snimanje na točki K (b) Vidljivost neba iz točke K
Table 5 Computation results of coordinates
tablica 5. Rezultati izračuna koordinata
Coordinates of N3:
Koordinate N3
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When the accuracies were compared with static GNSS sur-
veys in both coordinate components, computation showed 
differences in Y and X coordinates up to -0.553 and -2.511 
m, respectively. Signal attenuation caused by leaves or 
branches of trees resulted in low accuracy. The results obta-
ined in this study are consistent with Pirti (2008). In ad-
dition to this, Pirti et al. (2010) also obtained similar re-
sults. Pirti (2010) states that in their study the variations 
were about 2-5 cm in the X-Y coordinates and about 3-10 
cm in the H coordinate. They indicated that there were si-
gnificant differences in the horizontal and vertical coordi-
nates at difficult points. The results derived from this study 
show that with an integrated survey methodology within 
quite short duration of the survey (approx. 15 min.), me-




This paper shows that CORS-RTK (VRS) can be used for 
forest surveys (obtaining accuracy dm or m level), although 
a common obstacle, sky blockage, hinders its full effective-
ness. However, this problem can be overcome if supplemen-
ted by conventional survey techniques. In this study, the 
CORS-RTK (VRS) required approximately 60 minutes to 
survey a point (K). The integrated methodology provides 
accurate coordinate solutions by resection computation 
method to obtain the coordinates of point (K). The new al-
ternative method of surveying a point took approximately 
10-15 minutes in the field. For a point (K under the forest) 
the horizontal plane coordinates differed up to ± 6 cm. The-
refore, it appears that in difficult environments, measure-
ments with ± 10 cm can be guaranteed in all situations by 
using this new alternative method.
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Sažetak
Apsolutno određivanje položaja točke s GNSS/CORS (Globalni navigacijski satelitski sustav) u šumskim 
područjima predstavlja značajan izazov u smislu uštede vremena, kako bi se dobile što točnije koordinate 
točaka. Vrijeme za rješenje neodređenosti faze cijelih brojeva nosača obično traje jedan sat ili više za apsolutno 
određivanje točaka pod šumskim područjem s GNSS/CORS. U ovom istraživanju predložena je alternativna 
metoda za određivanje položaja točke, koja daje rezultate položaja s preciznošću na razini centimetra i potrebno 
je skoro 15 minuta kako bi se dala nova lokacija točke u šumskom području. Predložena metoda može također 
imati praktičnu primjenu za unutarnje prostore sa željenom preciznošću na razini cm, koja se postiže u kratkom 
vremenu promatranja. U ovom istraživanju, proveli smo terenski rad kako bi dobili koordinate točaka u 
šumskim područjima s GNSS/CORS sustavom i dodatnim mjerenjima, utvrđivanjem dviju kontrolnih točaka 
promatranih s GNSS/CORS lociranih na granici šumskog područja. Rezultati pokazuju da se zadovoljavajuće 
rješenje za šumsko područje postiže na razini cm (≈ ± 6 cm) u kratkom vremenu promatranja.
KLJUČNE RIJEČI: GNSS, CORS, VRS, preciznost, šumsko područje
